The Randall-Sundrum two-brane model admits the flat-brane Lorentzinvariant static solution only if the branes have exactly opposite tensions. We pay attention to this condition and propose a generalization of this model in which two branes are described by actions of the same form and with the same matter content but with opposite signs. In this way, the relation between their tensions (which are their vacuum energy densities) is naturally accounted for. We study a simple example of such a model in detail. It represents the Randall-Sundrum model supplemented by the Einstein scalarcurvature terms in the actions for the branes. We show that this model is tachyon-free for sufficiently large negative values of the brane cosmological constant, that gravitational forces on the branes are of opposite signs, and that physically most reasonable model of this type is the one where the fivedimensional gravity is localized around the "visible" brane.
I. INTRODUCTION: THE MODEL
The original Randall-Sundrum (RS) two-brane model [1] describes vacuum branes embedded in (or, equivalently, bounding) the five-dimensional AdS spacetime and has the action
in which we omit the obvious integration volume elements and the boundary terms with brane extrinsic curvature. The constant σ in this action is the vacuum energy density (brane tension) of one of the branes (brane1), which is exactly opposite to the brane tension of the other brane (brane2). The model admits flat-brane Lorentz-invariant vacuum solutions only under the constraint [1, 2] 
which has to be postulated in the theory.
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The fact that two brane tensions are exactly equal by absolute value and opposite in sign is also of crucial importance for the existence of flat-brane solutions and requires explanation. In this paper, we generalize the Randall-Sundrum model (1) in such a way that two branes are described by the same form of action with the same matter content but with the opposite signs. In this way, the symmetry relation between their vacuum energy densities is naturally accounted for. Thus, we propose to consider the generic action of the form
where Φ denotes the fields in the bulk other than the metric field g ab . It is important to emphasize that the Lagrangians L have the same form for two branes, with the field contents {φ 1 } and {φ 2 } being equivalent. Therefore, their vacuum energy densities on the same metric background will be exactly the same.
Were it not for the bulk part in action (3), we would have totally decoupled actions for two non-interacting worlds. The relative signs between the actions in this case would not matter at all. The presence of the bulk means a complicated interaction between the branes and also breaks the equivalence symmetry between them since the physical constants in the bulk Lagrangian are of specific signs.
The Lagrangian L in (3) is assumed to be written in the "standard" form. In particular, the kinetic terms of the physical matter fields enter it with the conventional signs. The brane tension σ is then unambiguously defined as the vacuum energy density of the "standard" Lagrangian L, i.e., on the background of the flat metric h ab = η ab ,
A particular case of (3) that we are going to consider in this paper is the generalization of the RS model (1) by adding the matter Lagrangians and the Einstein scalar-curvature terms on the branes. In this case, we have the action (again omitting the boundary terms with brane extrinsic curvature)
where we have explicitly introduced the vacuum energy density (brane tension) σ so that L (η ab , φ) vac = 0. The sign of the bulk Planck mass M can be chosen arbitrarily by suitably choosing the overall sign in action (5) . It is natural to choose M to be positive. Then the brane which appears with positive sign in action (5) (which is brane1 in our case) can be called positive brane, and the one appearing with negative sign can be called negative brane.
The scalar-curvature terms for the two branes enter the total action (5) with the same constant ζ but with opposite signs, according to our general principle expressed by action (3) . This can also be quite naturally explained if these terms are regarded as induced by the quantum corrections from the matter Lagrangians L(h ab , φ). Since the matter actions on the branes have opposite signs but equivalent matter content, the effective gravitational actions that they induce on the respective branes are exactly of the same form but of opposite signs. Braneworld models with arbitrary relative signs of the brane gravitational actions were recently under consideration in [4] [5] [6] . In this paper, we propose to consider perfect "mirror" symmetry between the actions for the branes, where both the gravitational and matter actions are exactly of the same form but of opposite sign. We repeat, however, that symmetry between the branes is, in general, broken by the presence of the bulk.
We allow for positive as well as negative gravitational coupling ζ in (5) (its sign is measured with respect to the "standard" matter Lagrangian L). The brane tension σ a priori also can be of any sign. First of all, we show that the brane cosmological constant λ = σ/ζ in the model (5) under consideration must be negative and sufficiently large by absolute value in order that tachyonic gravitational modes be absent in the theory. This will be the issue of the next section. In Sec. III, we study the linearized gravity on the flat twobrane background. We will see that the gravitational forces exerted by matter have opposite signs on the two branes. This selects the brane with attractive gravity as the "visible" one, which turns out to be the negative brane (brane2) in the terminology introduced above. We will also see that it is physically preferable for the model to have positive gravitational constant ζ, hence, negative tension σ. In Sec. IV, we present approximate expressions for the gravitational potential on the visible brane induced by a static source on the visible or hidden brane. In Sec. V, we provide the general discussion.
II. TACHYONIC MODES
Tachyonic modes were studied in our previous paper [7] in a model quite similar to (5) , namely, where the matter and induced-gravity actions for two branes were not necessarily the same (the constants ζ and the Lagrangians L could be different) but entered the total action with the same sign.
2 The equations for the tachyonic modes in the present case can be derived in exactly the same way as it was done in [7] (see also [4] ).
The background RS solution is described by the metric
with the two branes located, say, at y = 0 and y = ρ > 0, respectively. The positive (negative) brane is at y = 0 if the brane tension σ is positive (negative). Proceeding to the Fourier analysis in terms of the Lorentzian momenta p α and being interested in the tachyonic case (p α p α > 0 for our signature convention), we introduce the dimensionless variables
and arrive at the following equation for the tachyonic modes (see [7] ):
where
The asymptotic limits of the function E(s) can easily be calculated:
This immediately implies the existence of tachyonic modes for µ < 1/2. Thus, one can expect tachyonic modes to be absent only if µ ≥ 1/2. We show that this condition is also sufficient. Employing the method used in [7] , we introduce the function
so thatĒ(s, µs) ≡ E(s). Then, solving the equation
with respect to t, we obtain the expression for the single positive root:
It can be verified that this one-parameter function is convex upwards for all values of the parameter α > 1, and its asymptotic behaviour for small and large s is given bȳ
Solving Eq. (8) is equivalent to solving the equation
which, in view of (14), has a positive root for s if and only if 0 < µ < 1/2. To summarize this section: model (5) has no tachyonic gravitational modes if and only if µ ≥ 1/2, or
This constraint implies sufficiently large negative value of the brane cosmological constant
Below, we restrict our investigation to this case.
III. LINEARIZED GRAVITY IN THE ZERO-MODE APPROXIMATION
The zero-mode approximation developed in [7] can be directly applied to the theory given by (5) . Depending on the signs of the gravitational constant ζ and brane tension σ [which should be opposite, as follows from (16) or (17)], the components of the Einstein tensor in the zero-mode approximation on the positive (G + αβ ) and negative (G − αβ ) brane in the coordinates x α are given by the following expressions:
Here we used the notation
, and 2 ± are the stress-energy tensors, flat induced metrics, and the corresponding D'Alembertians on the positive ("+") and negative ("−") branes, respectively, and τ ± are the traces of the corresponding stress-energy tensors. The dots in (18) and (19) denote the higher-derivative terms. The D'Alembertians in the denominators of (18) and (19) reflect the presence of the radion degree of freedom in the theory (see [7] for more details). In view of condition (16) of the absence of tachyonic modes, the constant A for a physically reasonable model can only be nonnegative. The gravitational part of model (5) with the additional relation A = 0 was recently considered in [6] . However, expression (20) indicates that the braneworld theory becomes degenerate in the case A = 0, i.e., in the case of equality in (16), which was also noted in [7, 6] . Therefore, we must assume A > 0, and the inequality in (16) becomes strict.
It can be seen from (18) and (19) that matter on the negative brane gravitates attractively, while that on the positive brane gravitates repulsively (in other terms, the low-mass gravitons behave as ghosts with respect to matter on the positive brane). It also can be seen that the general-relativistic part of gravity is stronger by a factor of e 2kρ on the brane around which the five-dimensional gravity is localized (it is positive or negative brane according to the sign of σ), in agreement with the original result by Randall and Sundrum [1] . Thus, in all cases, it is physically reasonable to consider the negative brane as "visible" (describing the observable world), and the positive one as "hidden".
In the case of positive constant ζ and negative σ, both the effect of the radion and the effect of the hidden-brane matter are exponentially suppressed on the visible (negative) brane as functions of the distance between the branes. Hence, the case of negative σ seems to be physically the most appealing.
It is also interesting to note that the gravitational interaction between matter on different branes, in some sense, violates Newton's third law. This generic property of the two-brane model is manifest most prominently in the present case: the matter on the visible brane gravitationally attracts that of the hidden brane, while the matter on the hidden brane gravitationally repulses that of the visible brane. (In this case, when speaking about the interbrane interaction, we identify the coordinate positions x of matter on the two branes.)
IV. GRAVITATIONAL POTENTIAL
In this section, we present approximate expressions for the gravitational potential on the visible brane induced by a static source on the visible or hidden brane in the physically interesting case where the zero-mode graviton is localized at the visible brane (positive ζ and negative σ). In doing this, we use the results of our paper [7] , where the corresponding expressions are derived for a generic two-brane model.
A. Mater source on the visible brane
In this case, we obtain the following gravitational potential V (r) induced by a static source of mass M on the visible brane:
where G N and A are defined in (20), and α in (7) . Note the correspondence with the structure of (18).
For kr ≪ 1, we have the expression
where µ is defined in (7) . As µ → ∞, we recover the Newton's gravitational law with the standard four-dimensional gravitational coupling G = 1/8πζ. Note that the Newtonian part of potential (23) is repulsive for µ in the narrow range 1/2 < µ < 2/3. The logarithmic correction to this potential is only valid if the expression 15/8 − 1/µ is not very small by absolute value. The gravitational law on small scales is four-dimensional [V (r) ∝ r −1 ] because the allowed values of the brane gravitational constant ζ are sufficiently large, so that µ > 1/2.
B. Mater source on the hidden brane
In a similar way one can consider the case where the stationary matter with mass M * resides on the hidden brane. We obtain the following expressions for the gravitational potential on the visible brane:
where the constants c n take the following approximate values:
Note that the approximate potential is repulsive and that it does not have Newtonian form for kr ≪ α.
V. DISCUSSION
The merit of generalization (3) proposed in this paper is that it naturally takes into account the fact that two branes in the RS setup [1] have exactly opposite tensions. We studied a particular version (5) of the generic model (3) and have shown that it is tachyonfree if the brane cosmological constant λ = σ/ζ is negative and sufficiently large by absolute value, as given by Eq. (17). In this case, the effective gravity is attractive on the negative brane (brane2) and is repulsive on the positive brane (brane1). Thus, a physically viable situation obtains if the visible brane is taken to be the negative brane (brane2) in action (5) . If the gravitational constant ζ is positive (hence, brane tension σ is negative), then the five-dimensional gravity is localized around the visible brane, where the effects of the radion and of the hidden brane are exponentially suppressed as functions of the distance ρ between the branes. The physical consequences of the repulsive gravity of matter of the hidden brane remain to be clarified.
Reversing the overall sign of action (5), one can see that the preferable physical option from the viewpoint of the visible brane (brane2) looks like that of negative bulk gravitational constant, which case was discussed in our paper [7] . The negative sign of the bulk gravitational constant with respect to the visible brane is motivated by some braneworld models of dark energy, in particular, the braneworld model of disappearing dark energy (DDE) [8] . In this model, the expanding universe, after the current period of acceleration, re-enters the matter-dominated regime continuing indefinitely in the future. The DDE model requires negative tension of the visible brane, and the value of the bulk gravitational constant must then be negative for the five-dimensional gravity to be localized around the brane. Negative brane tension is required also for the existence of unusual "quiescent" singularities [9] in the AdS-embedded braneworld models, which occur during the universe expansion and are characterized by the finiteness of the scale factor, Hubble parameter, and matter density. The present model of "mirror branes" has also led us to the option of negative-tension visible brane around which the five-dimensional gravity is localized.
Other versions of the generic type (3) can be studied, among which models with curvature terms on the branes and with the additional Gauss-Bonnet term in the bulk [4] , models without the RS constraint (2) [5] , etc.
